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(54) Title: R-Fe-B-BASED RARE EARTH PERMANENT MAGNET MATERIAL 
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A AREA RATIO (%) 

B CROSS-SECTIONAL DIAMETER OF CRYSTAL GRAIN (Mm) 
C FLUORINE CONCENTRATION = 0.045 wt% 
D AVERAGE CRYSTAL GRAIN DIAMETER = 6.28 |jm 

(57) Abstract: Disclosed is an R-Fe-B -based rare earth permanent magnet material which is characterized by being composed of, 
in mass percent, 25-45 wt% of R (R is one ore more of Nd, Pr, Dy Tb and Ho), 0.1-4.5 wt% of Co, 0.8-1.4 wt% of B, 0.05-3.0 wt% 
of Al, 0.02-0.5 wt% of Cu, 0.03-0.5 wt% of M (M is one or more of Zr, Hf, Ti, Cr, Nb, Mo, Si, Sn, Zn, V, W and Cr), 0.01-0.5 wt% 
of C, 0.05-3.0 wt% of O, 0.002-0.1 wt% of N, 0.001-2.0 wt% of F and the balance of Fe and unavoidable impurities. 
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SD, SL, SZ, TZ, UG, ZM, ZW), i-7V7 (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), 3 — P V (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FT, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 



(57) M&J: ItI»$tR=25-45wt% ( R 14 N d, Pr, Dy, T b & If H o CD o *, 1 SIX 14 2 S£l 
Jl) , Co = 0. 1—4. 5wt% v B = 0. 8—1. 4wt% s Al=0. 05 — 3. Owt%* Cu = 0. 
02-0. 5 w t M=0. 03-0. 5 w t % (MI4 Z r % Hf s Ti, Cr, Nb s Mo. Si, Sn. 

Z n , V„ WRlfC r CD?*> 1 313114 2 a&l_t) , C = 0. 01—0. 5wt%, O = 0. 05 — 3. 0wt%, 
N = 0. 002-0. 1 w t F = 0. 001-2. 0wt%, J£$[5 F e $ll$^WM<D^M%ftfr £ & £ Z t 
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m m m 

[oooi] ^mm\t, MUw&&m^<&&^ttR-Fe-B^m±M^m^ttmmir% 

o 

[0002] m±m^m^i^ mntLmn^tmm^^i-^f^, m^c • 
tttw<, ^fed^^ffi^aaisrifi-r^s^&Sx (2)^y— 

fcfc, Tu Ni, Bi. V^Srafetobfe^WW^ (#gSB§59-64733^#, #WBg59 

*t)|Sf(#PSBg60-176203^##M). iM^©tlft©fcfe[^ CuSrO. 
02—0. 5at%»Lfc^MW(#IB¥l-219143^-^#m)^ »^tt<DBic# 
©feft IE, Fe^Co^t^Ni-e^S^®mbfc^#)|Sf (#fp^2675430^# 
#M),^«^W^^^oJ:bmMe^^-h$^^fe^,#zhS^^R' O (R 

m n 

' f3Y. La. Pr, Nd, Sm, Eu. Gd. Tb, Dy, Ho. Er, Tm, Yb, Lu) frffiMUtM 

^nn mm^fi 1 - 251 125^##^) ^ti^ai/o ^ 0 

[0004] ^*^©^5R7C3(IJJloV^tt, &#ffi^^i-§^pJ(D#±^^^ 
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[ooo5] ^.mwfe, muw^m^<^c^tcR-F e -B^±m^m^um^^ir 
[0006] ^mm^hfe, ±Mum^m^ir^tz.mz.mMM^tt.m^ R-Fe-B^^ 

m^KM^MM^fht^7^m^ R-0-F^^-^(R»Nd, Pr, Dy, Tb&t^Ho(D 
%Z.b&%\%X,tc 0 R-0-Fik&mm^^imMcftmir%~tX\ _hfER 

[0007] gp^, fe, fCmH5^~eR= 25~45wt% (RteNd, Pr, Dy, TbRTfFLo<D 

5^1ffiX«2®J^_h), Co = 0. 1~4. 5wt%, B = 0. 8~1. 4wt%, A1 = 0. 05~ 
3. Owt%, Cu = 0. 02~0. 5wt%, M = 0. 03~0. 5wt% (MJ3Zr, Hf, Ti, Cr, 
Nb, Mo, Si, Sru Zn, V, WRTfCrCDy1blMX.n2M£l±),C = 0. 01~0. 5wt 
%, O = 0. 05~3. Owt%, N =0. 002~0. lwt%, F = 0. 001~2. Owt%, ^ 
UFeRXl^m(D^mm^^^t^Wmtir^K-Fe-B^±m7kiKm^ 

[0008] ^mwK£x>, i%Mt)&\tn±u nm^(DmtitcR-Fe-B^±m^m^u 
[0009] mti^ym&o. 045mA%mMvfct^<DR-Fe-B^m^ttn<vmMii$n&ft 
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o 

[ooio] ^mm<DR-Fe-B^±m^m^un^ ft0M(wt%)-e 

R(Nd, Pr, Dy, Tb, HoCOiaX(*2ffi^±) : 25~45wt%, 
Co:0. 1~4. 5wt%, 
B:0. 8~1. 4wt%, 
A1:0. 05~3. Owt%, 
Cu:0. 02~0. 5wt%, 

M(Zr, Hf, Ti, Cr, Nb, Mo, Si, Sn, Zn, V, W, Cr CO lMXfe2MU±.) :0. 03 

~0. 5wt%, 

C:0. Ol—O. 5wt%, 

0:0. 05~3. Owt%, 

N:0. 002~0. lwt%, 

F:0. 001~2. Owt%, 

coon] *mm<DR-Fe-B^±m^m^nmzm\<^m^ ^M->u>(Nd) , 

^j-v 5 ^ (Pr) , ^^n^^A (Dy) , T7H;^A (Tb) ^O^o^A ( Ho ) -e&<9, ^tL 
^>(D5^(Oiax^2«i^±^fflv^ 0 
[0012] r^-e, R(Nd, Pr, Dy, TbRTfHo(D?hCOimXfe2mU±) <DR&%.tKM^tt 

^igU/vfc#\ R^25~45wt%^f5ffl^Pte1-§o i t 90*b<^28~32wt% 

[0013] b^o. swtro^ii-e^^^^j^^/^^^^^^, i. 4wt%^M^.§^®«^: 

^S0i/>^fL<tofc*, BteO. 8~1. 4wt%fcH6ffl«rl£)&f 5„ J:90*IX 
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no. 85— 1. i5wt%-efc5 0 

[0014] Al}3\ ^^h , t?fiMK^7Sr±#$*5S6^ s *)5o 0. 05wt%*i»T?ttflM8fc*j«r-b 
.A1I40. 05—3. 0wt%HH6fflSrlSS*f5o «t90*b<«O. 08—1. 5wt%-Cfc5 

o 

[0015] CufiO. 02wt%*«-Cttift^Sr±#$-fr5S6^dS/J^<Jfe«9.0. 5wt%^Mx. 

5taS«l**S«>«^^^V^8C) % CufSO. 02-0. 5wt%l24SfflS:IS^5, 

£W3;L<teO. 02—0. 3wt%-e*>5o 
[0016] M (MteZr, Hf % Ti, Q\ NK Mo, Si, Sn, Zn, V, WRXfCrCDylb lWXfe2W 

w_h){»^#tto5^, «r^fiy8at^jSrJi#$*5±-e^rai-e*)5o m^o. 03wt% 

M&&<DWP&^<t£%>foto, WZO. 03—0. 5wt%^f5ffl^PSSi-§ 0 
b<{20. 05—0. 5wt%-C*)5 0 

[0017] /^*d\ *ftmKm\^&nm&5m\*. mnti,xm^^Fe^>Ait<D^mxn 
[ooi8] (o) o. 05wt%^t?tt^J8§(-'fet) ^i~<, ftm&&mk-rz>tz. 

0*b<*V\ ^<Dfc#>^§te0. 05—3. 0wt%<E>$&fflfcl&^5o J:W*L<f20 
. 05—1. 0wt%~e&5 o 

[0019] ^ (c) «o. oiwt%*«-e{»^^^9^i-<, ^Mtt^fflKb-r 

t£\\ ^(Dfcibl^mm. 01—0. 5wt%(Df5ffl^|5B^-r§o J;«90*L<f*O. 02- 

o. 3wt%-efc5 0 

[0020] ^ (N) H\ O. 002wt%^-e«ag^(31Jfet) J ^i-<, £3H4j&sB&fb-t-3;/fc«>0 
£L<^v\ 0. lwt%^®^»Mtt^.^Mtt^M<^fc^0^b<^v\ ^rco 

fcfe^^^O. 002—0. lwt%<D|g|a{CRR^i-5 0 j:90*L<«O. 005—0. 5wt 
[0021] 7yi (F) fit, 0. 001wt%*Yi-e«^| 3 H ^^^b^-r<^ ( 9, M£^7/WFU 
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B£#5fc&#mX&v\, ^(DtJb^ymno. 001~2. Owt%©*SBBH:ISS , f 5o 
£W~£L<feO. 005~1. 5wt%, Hl£0*L.<f3O. 008~1. 0wt%-Cfc5 o 
[0022] ^^(D^P^tfe}^ 75/m^Sr^#i-s^j»iS««?feX«Ca3l7ciSfe(c:J;«9Si 
3t*tbfe#±IS(R)^/V(RttNd, Pr. Dy. Tbltmo©^ltXii2S^±) , 
R-Tg^(R{3Nd, Pr, Dy, Tb&lFHoCD5^1«Xte2«£(._h\ TOFefc5V>|iF 

r, Dy, Tb^ttJ J Ho(D5*>l®Xf*2aW_bx T«Fefe5V^iFe^OffiO^Jfc<^ 

iwmk±v>w&&m, B^^xh^^m^^txmuwir^m, x«, r- 

Fe-B^3^(R{*Nd, Pi\ Dy N Tb&TJ^o(D5^1«Xfct2«£*_L) , Xfctl^*&j£ 
£$S5^^&^j@*0#±ii:7^b^(NdF , PrF , DyF , TbF RUHoF <Do%l 

3 3 3 3 3 

[0023] *mW<DR-Fe-B^±M^B.^tfmK$5\,^X, FetD—^&CoXm&lS 

t, iaflp(Tc)Sr_h#$*5_hT?^rs&-c*>«^, o. iwt%*«-e^^y— m 

L<ttO. 2~4. 3wt%-efc§ 0 

[0024] mmmn^^ti. h^^m^m^xmA-r^-^m^^ c e , s 

nu Y, Ni, Mn, Ca, Mg, Ba, Li, Na x S, P^(D^F|ie^(D^[M(D#^{i, 
[0025] ^W©R-Fe-B##±|^^flfcfr|#^ mn<Djom^&)W&1rtl\Z^ 

xmm%k, wmirz> 0 -n&^yi/^—Rxfy^v^^mxmm. i~immM 
<D¥mm\z*m&u m^^tf^mn^^vb^mKx^&jnm. o 

1~30 nm^^KW^W^ 10~15kOe<D^#^WV;*Jil~l. 5ton/cm 2 -e 



WO 2005/123974 



6 



PCT/JP2005/011241 



f$M&. ^^H^C^l, OOO—l, 200 o C-e!fc^U Ar#HM c 1 :, 400~600 o C-e 

[oo27] j^t. mmmRxfitmm^u ^mm^Mm^mm-r^K ^mmi^rm^ 

[0028] [H»!|1- 5, Jfctfc0»Jl~3] 

tUmWMtVX, Nd^^7V(75/^W*0. 0—10. Owt%),Dy^;V(7y^ 
^T*0. 0—5. Owt%) , Co, AU Cu, Ti^jglMJBU ®* 

J;b"C30Nd— IDy— BAL. Fe— 4Co— 1. IB — 0. 3A1-0. 2Cu-0. ITi— XF( 

x=o. o-3. 5)<Dmf&\zm&&. mmwi^mu TK^mmrnxm^-r^tic^ 
[0029] mz. ^.fih^mm&zfy^K/vxmMm^. m^mn.m^^^yb^Mcx 

U 10kOe(D^#cp-eBSfB]L, fK#^*fb-C^[i:^'[B]^lton/cm 2 <Z)J±^^^ 
Ut, ZWf&j&fc&l, 060°Ct?2B#r H 1, S^#BM^«L, H^£PUh^ 6 

#»#fc 0 Ztlb<Dm^ttW<DWtm&MfeO. 287—0. 364wt%, ^3{f}tJ£teO 
. 039—0. 046wt%, 'MmM&feO. 008—0. 016wt%-C&ofco 
[0030] NT, ^^tMS (Br) RTWmtl (iHc) <SrSIJ£U 

8wt%£®;i3^^i«M(Br) ^^b<i£Tbfc 0 

[0031] [^l] 
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V W L /0/ 


Br 


iHc 


C 

\xv L/oy 


O 

( wt 


N 


ffctSHftl l 

r 1— L T7>^ I .- J J- 




13.02 


14.97 


0.040 


0.340 


0.014 




0.05 


13.06 


15.70 


0.042 


0.351 


0.010 


WfaM 2 


0.12 


13.10 


16.21 


0.039 


0.364 


0.011 


MMM 3 


0.56 


13.11 


16.08 


0.040 


0.301 


0.008 


MM 4 


1.1 


13.12 


15.93 


0.046 


0.361 


0.011 


mum 5 


1.8 


12.98 


15.53 


0.046 


0.287 


0.012 




2.7 


11.72 


15.62 


0.043 


0.330 


0.010 




3.5 


10.68 


15.37 


0.043 


0.309 


0.016 



[oo32] immme] 

M&WftbLX^ N<&?/]s(-7ym^MO. 0-10. Owt%), Dy^/H^y*^ 
W*0. 0—5. Owt%) , Co, 7in#'ny, Al, Cu, Zr^jg^fflU ®* 

it-e30Nd-lDy-BAL. Fe-4Co-l. 1B-0. 3A1-0. 2Cu-0. lZr-XF( 

x=o. 045)(Dm^^sa^, i^js^^u ^K^»M-e»^i-^^^^i«9, m 

tt®-(Dmmmm-ZO. 352wt%, ^*ISiiO. 039wt%, SillttO. 12wt% 

#^tLfc^TO^ov v-c, ^fiMS (Br) mmmti mo zmfevfrtz. 

Br=13. 03kG, iHc = 16. 02kOe£&#? t£MW&VkXfoofc 0 Hl^ «^5" 

w^^b^fojifffi^a^tii^^-efM^w^m, a^j^Hci-HNo -c h o 

3 2 5 

H^tia^^gSL, J^^^s^^U ^ofc^(D^#^^IS^ 

[0033] [Jfc|fc094] 

m^J^^bT. Nd^/V(^*-a-*S<0. 005wt%) , Dy^/K^PS^T 
*<0. 005wt%) , mM$k, Co, ^ntfu^ AU Cu, Zr^il^fflU Sftife 
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30Nd — IDy— BAL. Fe-4Co-l. 1B-0. 3A1-0. 2Cu-0. lZr-XF(X<0 

um-^mmmmm. 384wt%. i^mmm^o. 04iwt%. mmmmto. i3wt% 

m®w$ms. (Br) mmmti gh c ) mm^t^ 

Br=12. 98kG, iHc = 14. 62k0eC0^^#ttTfeo/t 0 ^iS^Mf^ 
^S^*^ll»!l6^|W)#(D^T|^^(|l|2#m)o ^IS^H^tt 
9. 47 M mT?\ Mim#20 J um^rMx.§M^ft&^^^-^^t?^^ofc 0 

Hife#!|6T#&>tt«^r#^f(DNd, 7^ ii©MiSltt^t^EPMA[^ 
i«9«^(l2|3#m)b/' 0 ^Hd^^^^M^^Nd-O-F^^^bTte 
LTV ^i;»§S£iWc 0 
[0034] [^W!J7~10. itt&$j5~7] 

mmmm-tisX^ Nd^^/K^^^so. o~io. owt%), Dy^/K^^m-^- 

iTftO. 0~5. Owt%) , mm$i. Co, y^uy^u^, AU Cu, Zr^jll^fflU If ft 
itT30Nd-lDy-BAL. Fe-4Co-l. 1B-0. 3A1-0. 2Cu-0. lZr-XF( 

x=o. 03~3. 3)(Dm.mz.m&^ mmmmmu ^mmmxm^i-^t\-x 
& 1 1 ^bT^-am^^R - Fe - b^ %r±m& /hm^m&nti 

o ^^^^#^f(O^liii^0. 261~0. 356wt%, ^ItSteO. 041~0. 
046wt%, MmM&feO. 008~0. 015wt%Tfcofc 0 

U S:35°C 
B# ^:240#rs1 

^^2^^-To ^^^»*^2. 6wt%^_tT^L<^^Mb^Cfc 0 
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[0035] \M2\ 





(wt%) 




c 

(wt%) 


O 

(wt%) 


N 
(wt%) 




0.03 


Ml 


0.044 


0.286 


0.012 


mmm 8 


0.56 


mi 


0.042 


0.330 


0.010 


9 


1.2 


mi 


0.046 


0.307 


0.011 


MMM io 


1.9 




0.043 


0.356 


0.008 


ttMPl 5 


2.6 




0.043 


0.290 


0.012 


oMm 6 


2.8 




0.041 


0.292 


0.013 




3.3 




0.044 


0.261 


0.015 



[0036] [^Jfe^ijll — 14, LtK#!j8- 10] 

tH^MtVX, Nd^/V(^ y m^A0. 001wt%h Dy^/V(^ym^&0 
. 002wt%K MMWi, Co, :7^m£n^ AU Cu, Zr&M'MMmV^ MAifC29N 
d — 2Dy— BAL. Fe-4Co-l. 1B-0. 3A1-0. 2Cu-0. lZrCO|aj^^IS^il 

&ft ofCo #^/ta^t-NdF ^MM^^ ^4l^^^*^S^0. 04—4. 

3 

^wn&mc 0 ^thh<Dm^uPc<DwmWim.\$o. 352-0. 432wt%, ^^iftSf* 

0. 043—0. 050wt%, mmM&feO. 009—0. 020wt%-efeofc 0 
[0037] mhfvkM^UPcK^ ^flMS (Br) ^ W» (iHc) £PJ^U 

[0038] [^3] 
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(wt%) 


Br 
(kG) 


iHc 

(kOe) 


C 
(wt%) 


O 
(wt%) 


N 

(wt%) 


plKI^J 8 




12.76 


16.02 


0.044 


0.407 


0.010 


t ^ -fchu Jl~£\\ 1 1 


0.04 


12. oO 


lb.ol 


0.043 


a a r> o 

0.432 


A AAA 

0.009 


^■-kfz: fail l o 


A O 
0.8 


12. / 1> 


1 / .o4 


A A/I /I 

0.044 


A "ICC 

0. Job 


A ATI 

O.Ola 


wmn 13 


1.3 


12.60 


17.21 


0.046 


0.408 


0.011 


%W\ 14 


L6 


12.54 


17.05 


0.045 


0.426 


0.009 


HM&l 9 


3.6 


10.51 


16.75 


0.047 


0.374 


0.015 


tfctMW 10 


4.1 


8.08 


14.38 


0.050 


0.352 


0.020 
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m^mm 

[1] Sf*H#^"eR=25~45wt% (Rf*Nd, Pr, Dy, TbS.U ? Ho(D5^iaX^2a 

Co = 0. 1~4. 5wt%, 
B = 0. 8~1. 4wt%, 
A1=0. 05~3. Owt%, 
Cu=0. 02~0. 5wt%, 

M = 0. 03~0. 5wt% (MteZr, Hf , Ti, Ci\ NK Mo, Si, Sn, Zn, V, WRXfCr 

C = 0. 01~0. 5wt%, 
0 = 0. 05~3. Owt%. 
N = 0. 002~0. lwt%, 
F = 0. 001~2. Owt%, 

[2] F<7>^f*/^0. 005~1. 5wt%-efe§M5i<(Di5H||13gfEic(Z)R-Fe-B^# 

[3] F©^tt^O. 008—1. 0wt%-efe?,if^(D$BH||2IlfB^R-Fe-B^# 
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